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BT 28 ORERICH T D, WMEZERVED AT
SELSMNCHFEREKET 22 b TE 5,

1RO IL DR SIIARGES X—VUAEFAIE 5,

R PTE OBEZHICHER L TIERK L. FE3, Bke EoRl2iE L TREZER S TIcH

HF %, FXoEsricat— 3T 5,

L BRERRSUE. NGRS E L TSSO LVWAREERXZZ R0 THY, PORAFIOL DT
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THLDIE, TOEEEHEZEOEM LT D,
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Relationships between the velocity of center of gravity and the ground reaction force
in side step and cross step cutting

Yuta SUZUKI*, Yasushi ENOMOTO**

Abstract

The purpose of this study was to investigate relationships between the velocity of the center of gravity (CGV)
and the ground reaction force in side step and cross step cutting. The subjects were five university students
belonging to the American football club. In the experimental trials, subjects changed their running direction by 45,
90 and 135 degrees in both side step and cross step. These were videotaped at 60 fields/s with two VTR cameras
and the ground reaction force data of the support leg were measured using a force platform. Twenty-five body
landmarks were digitized and their three-dimensional coordinate data were reconstructed using the DLT method.
The horizontal component of the ground reaction force was divided into two directions: parallel, and normal to
CGV.

There was positive correlation between the angle of direction change of CGV and the impulse normal to CGV.
The angle of changing direction of CGV in the second half of the support was larger, and CGV at mid-support
was smaller in side step than cross step. However, there was no significant difference in the impulse normal to
CGV in the second half of the support between side and cross step. These results suggested that although the
ground reaction forces normal to CGV changed the direction of CGV, the amount of direction change of CGV was

affected not only by the magnitude of the ground reaction force acting normal to CGV direction but also by the

magnitude of CGV.
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MHEHED ¥ A 5 EOBFRICOVWTRHL, Zhbo
MICIIAEREOFE (1=0.455 ~ 0.804) A DALz
LWMELTWD, F7z, Pl (1998) &, FFmgs#o
FRENES 22138, HREWED Z A & LEHED
B A KNEOMBENRHEL 2D, Frdsiiie s (5 rssik
EDOHA NEERED T A LDZE) L FHEELED S

A LLOMHEPIBS 22 2 2HmEL TWD, 2E Y,

FE S FMERHR AT 5 7o DIz, ERAEICBIT 5 EEE
ToOHR T, HAGEL TR DEEPMLETHD L
EZADLILD,

TR O FEIIE, AT & Te Il o ) 24T 7
MA~DOHF 1 #5494 K25 v 7 (SS : side step)
L ATET W B O RO 2 X R OFI T 27 v A
SHE, HLWETHR~OH 1 HET57 08227y
7 (CS : cross step) D2 2M&H % (Andrews et al.,
1977).  Ohtsuki et al. (1988) (&, JHMiRICI T 5
PRIE R L O A M OME S, SS DF A CS LY
bREPoTIcD, FRWGMEIR 21T 9 1TILSS D
FTFREHTHD EHELTWD, Fiz, FHaaiiiL,
BB X OREESOREREZ5I SR I FTERFERD 1 5T
B D12, FIMERRICI T 2 T O kinematics 33 & O
kinetics & JEBIETi~D AT & DOBIR AR L 728581
#2% <% (McLean et al.. 2005;Besier et al.. 2001;
Pollard et al., 2004), L2>L. Grindstaff (2006) 73f§
W95 &9, GHEHARAMEREEZYICOTD 2
LiX. HREREREOM LD R LT, BESKE L
i< b B2 EBZLNDLD, ZNETONA
FA T =7 ABBFZEICIE, HIREBROBINICE R L
b DI IR, £ T, HRERHICR T D SR LE
LR & OB BRI S LT GERRS
FERENEZ I 5203 23T, XV 3R 5
BRI EOIFENTTRRICR D LB X HLD.,

FlEsi & NI E 2D L. TNE TOHREIC
Lo THES L EHEELERED W 2, HiimK /i
Ko TEEED Z L THDA, RIRFICHRELHE
O A L 5, Jindrich et al. (2006) <° Schot et al.
(1995) V3, M 52 F7 DKk o3 2 A5 HUIRE O B (A E Do
FEFIAIS KONV OB ST R DRI T iR L. M T
DZENE D LGS 3 B AR D EE D2 J i E 35
IZOWTRFLTWS, LML, Hhlak CIEaAE

DEE O MIIRE 2 % 4 LB L TW D72, Hif K
FIDIKERSY 7 N EN DL I 1T 5 B AR R
FFIA1E X OB B Dl B D TR E 7 IR D R4S D 2 D143
fR L., M S S E AR EDEE OB g RS
BREtT o0 ERD D EEZHID, F72, Jindrich et
al. (2006) &, FREHRAE ZKE <$ 57D,
HClEAFM~OHE K 12K E LT 52T Tk <,
HHRENEELZBESED ZEPNEETHDL L EF
L TW5, F72, Chang and Kram (2007) 1. FJE
FERFAET AR OBAEEE L, HOPEOH2 ST H
HXFIDOKRESICE > THHIRE 4L, [F PO HJE
EERPGELTWTY, HER VNS WIEBRE 1T, 5
EHEIP NS LD Z L EREL TS, ZAHDZ
Linh, HERELEHEDOFmOEERKEEOELE
OFICRRER S 5 Z L3l S 4L, 2D OBRE R
FF D 70IciE, 3 WGBSR Y TE T ABEINL DL
EZEzbh5,

Z T, RBIRE TR, B B AES A E T oY A
RZ2yF7RBIOZ v 22Ty TR 5 J7 MG )
VEZ 3 WILBINLIE D TET AV EHWTHAT L. Hif K
FIDSEARELNEEE DA RIS T B2 ST 5
Z LT, FREREE ORI o AR R 2 1S
HZEmHEME LT,

I. BtRA%

1. T—ARINE
WREFILFET AV LT v NR—EF 5 4 (Y
£ 1.73£0.05m. fKE 70.1+7.5kg. 45 19.8+1.3 %) T
Bole, IR LIZESIC. TH—AT Ty N T 5—
2 (Kistler £, 9281B, 0.4mx0.6m) O H.05 575 1.8m
POAEMImETEY A LJERME L, #BREFIZZ
OXMETELRVESEVRIT DL R L, #
A LJEBIBALE O Sm g A A X — NHliR & L,
T —AT Ty N7 — AT (SS DA,
CS DFA L) S E,. SSH D WWIECS Tl
7R LT 45, 90, 135 BEDOAEETHMTT ~I51H
AT, 22— 062 A AHERTALE £
TOEWEZ DV I A5 THRUy= 7|RE L, HiniEk
O 1O 1 YA 7 VOEEE 2 BED DV A
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1. 8m
| RAE YA S ry
/ 1 N A4 LBIE
TSR S e
| | |
45° 90 ° 135°
K1 EREER

AT TR LT, T A ©— Ridmf 60 7 4 —/L N,
BT Y v 2L 1/1000 P Thote, Eio, Hknit
BOXRFHOMEB N 1527 4 —AT Ty N7+ —ALT
JE L7, B & VIR B o RIEIX, s o
F—ROWEDATICHL, FFICEELNDETE
IV a—FICMVIALZ LT > TiTo T,

2. TR0E
(1) FHrssf s A L

Ny=v 7wl o THELNIcERZ S iz, J
ERMOZ A ZERH L,

(2) Kinematics

%52 L7 VIR Ei57» & 5 s ahfE z 5445 7o
DT, HERHED 1 BRI S 1 A 7 V2 0h7
*tg L L. FEGH A Q5 R) Z@8EMiTy 7 K

(Frame-DIAS 1T, DKH L) ZH W CTF V& A X LTz,

BONTCH O 2 WTTHEREP G, 5 s th 0T 5
W% X F. 5= oM T H M % Y F. $hiE
% Z Jilal e U, DLT &2 HWT 3 IRTHEE AR H L
72 WIZ, Wells and Winter (1980) ®HiEIC L D 4
MR D BERE AR 53 & & VT fie 308 308 T JE1 9k B A P aE L

Butterworth Digital Filter &\ THyE b L7z, EED
RS TR B X AR S 1.8 ~ 7.8Hz, Y JEERAS 2.4
~ 8.4Hz, Z JEREHS 3.6 ~ 8.4Hz DHIPATH o7z, Wi
bL7eT =206, FHL (1996) O FAH M EMEREK
ZHWTHEELOEELZHEE L, SERAELOEMZ
BEMr T2 L2k, FERELHEE (CGV:
velocity of center of gravity) ZHHH L7z, =62, 5
DI 17— 4726, VERROEEEZ R,
R ZEH R & BREL 2SR Y e T vk
L7z, ZENZNORZOKERICEITD CGV A7 k
JATHR L CIRE 2 CESHR Y F2HE L. ToF
FICRTDBINIRY F & 28O M O A E %2 H RO N
A& Lz (K2a), BISLIR Y F 255 b FHE L 72kl
XY (MS : mid-support) & L. #E# (FS:
foot strike) 7>5H MS F TZZFFRTN:. MS 2> 5 B
(TO : toe off) F THLFHMBZIL LT,

F72. FS BL O TO 1T 2K FHEICRIT D HRE
DERER Y MVENIET S Z L2k - T, Hhisif
Eo(cA) E2HRILE RO).

CA = o CG‘/f& *CGVio
€S \cGvs| GV |

Z 2T, COV EACEHEIZRIT 2 HRELEE N b
Iy fs BE O to IZFNENERLES X OBEOFREL] TH
5.

I, FIFERi & FIC B L R TR 2
LT RV s AR A 2 R L T,

(3) Hum
A iz, Q. @BIVDEHAWT, #mxh
DIKIERLSY ZKEH BT D CGV FaDRks (Fpy :

« BRED

SRELRED

BOEEOKTAS
A D 5 SEELEEOKERS

BEUMERICEELGHM

H2a RIEADER

— 3 —



TUESARE G 245 YR 2049 H

TH—RT S5k
TA—L T
ERAR — WERADEDERE
DEEAMMS,
HERND \
BEEARBS
BARELRED
y KERS
<+« BRED
Z X

E2b KFERIZEITHMER DDA

force of parallel to CGV) & AEHICIBIT 5 CGV 1Tk}

L CEEFM DAL (Fov © force of normal to CGV)

o iR Lz (12 2b),
0/=cos  (F»CGV?)
Fpvi= | F, | cos 0,

® © O

Fnvi= | F, | sin 0;
Z T, FFHmE R DK SR 7 B v, CGV I
IRFEE BT B HERELELERY b, 1L F & CGV
OO, Fpv X F O CGV FFIAID S, Fnv IE F O
CGV I L THREF MO, tIFENENORZIT
HD,
S 5T, Fpv BEL U Fnv 2 TR 95 Z LIk
D CGV o HFE (pv:impulse of parallel to CGV)
BILUCGVOEE MO AR (Inv:
normal to CGV) ZH L., Inv ZEEHEH CThr7Z &
W2V CGV Tk L TEEF MO F (MFnv : mean
force of normal to CGV) ZHH L 7z,

impulse of

3. #rEtaLiE
BHANEEEAT —2I12oWT, 27y 7B LV

07 M ERY A 2 BER) & 3 % ZOeRLiE S O 21T o T,

ZIZT, HERFEBRALNILSDIZOWTIE, LSD
FICE Y ZEEBRE ST 7. £, SOWHEAM
BT DB S ZMET D7D, BT Y O
MR 25 H LTz, 728, FEKEZ 5% 1%.
0.1% & L7,

M. #&%

(1) s &, BERIEERT S X O s g B
Fm R Z A A0X, SSTILI3x025F, CS T
1.16£021 BT, 27 v ST X BE I A LN o T,
TR 2 A L%, 45 (45) T 0.98+0.15 F), 90 &
(90) T 1.06£0.12 #, 135 £ (135) T 1.39£0.17 T,
45 BLV90 DFHFH 135 LV bHEroTn (KB D
p<0.001), 45 £ 90 L ORICITAEZE T A LN D>
7o

PEHURER VL, SS T 0.25£0.09 2, CS T 0.23+0.06 #» T,
ATy A X DEF RN o T, BEHIFRFRIX, 45
T 0.19£0.04 £, 90 T 0.25+0.06 £, 135 T 0.29+0.08
BTo135 X0 b 45 8 X090 THE < (p<0.05;p<0.001) .
90 LV b 45 OFBENI -T2 (p<0.01).

30 FERMIRTE. PR X ORERITR T 2
HBRAEZRLCbDOTHD, IFHaEkckiT o)
IR T, 45 T 17.1£5.2 £, 90 T 34.0+10.5 £,

9 T .
£
O
Z L
60 . .
&
b
E“r 30
AN

0

XEHFHRYE  XFHRY  EHER

90
3
) %45
Iy 60 LI
g 8135
=
o 30
R

XEFHETE  XEFHgRY  XEHEHNEH

#p<0.05, #¥p<0.01, ***p<0.001

B3 R, R¥BLULKICEIT A MR

B
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135 T 65.2423.5 [£.,SS T 45.5+29.7 &£, CS T 32.0£17.9
ETHolc, XFFIRTEICRIT 2 F s A 5L, 45
BEO90 Vb 135 TAE L (p<0.01; p<0.001). 45
VB0 DHFBRKE,-TE (p<0.05). FHHEHHIIC
BT 2T MR AEIL, 458K T00 XV b 135 TK
E(EHHH p<0.001).45 IV H 90 DFHFHBKED S
7z (p<0.05). TR 2 S mtEfa E L, 45
BEO90 £V b 135 TAE L (p<0.01; p<0.001). 45
XL 90 DHERKREL-72 (p<0.05), £z, FHkx
WAL, SCRRIETE, BB L UEEonThICE
WTh, CSEV S SSOTRKErolc (WFhvh
p<0.05) .

(2) FRELHE

41X, FS.MS BX U TO I2R T D HAFEL L CGV
X7 bV KEFHW) Z#RAITRLIESDTH D, FS
W2 B I 52CGVIESST364£099m /s, CST
3.5120.85m/s T, AT v FIC X DEFHA NI o T

2, MSEBIUTO TiX, CSOHMSS IV HbAHEEIC
K&EDolz (EBB D p<0.05),

F7z, CGV X, FS, MS B XU TO DWW
TH, 0BLT1I35 LKV bH45TRELS (T
p<0.001). 135 X0 H 90 DFBKE o7z (T
p<0.001).,

FS IZRIT B HHE
CS T-0.22£0.25m/s T, HEXHMETILSS DFACS LY
Bk EL (p<0.05). 45 T-0.27+0.23 m/s, 90 T-0.33%
0.33 m/s, 135 T-0.52+0.21 m/s T, #EXHETIL45 B

L0090 £V b 135 DFBKED 72 (p<0.01;p<0.05) .

HARRTYT YARRTYT

\

TO BHRELRE TO  BRFEDLRE

MS
MS

FS

‘ ‘FS

SHED BEED

B4 H4FRTYTEBLVIVORRTYTIZEITD
BBy, SRS L UBE RO SR EDRE

JFI10D CGV 1E, SS T-0.52+0.21m/s.

S, KERIRTE R L OB ICBIT 5 CGV D
DEBICEKEZRLIELOTHD, ZHEFMEREIC
BIT5 CGV DA EIZ, SSOFMCS LY VAR
KED- T2 (p<0.05). T, LRHRTHICBIT S CGV
OWYEIL, 45BLT0 LV H 135 TRKELS (B
5 b p<0.001), 45K D H 90D F B K& 2ok
(p<0.05) .

£, HFAERY A ABLOAEL CGVEB LY
BEHR & OFMBIRE AR L2 b D TH D, XA Lk
FSIZRITLHCGVEDOHIZHERAOHMBE R
(p<0.001), HEFHIFTFICRIT S CGV DD EE L O
BRI & OFICE B R TEOFHBIA A Bz (p<0.05,
p<0.001) ., =LA E & FS 1281125 CGV & Ofic

BRAOHBEN (p<0.001), LEHRTEICBIT D
CGV OV ER X OB & ofIcH E /2 IEDHMH
EaAsbhlc (85561 p<0.001),

XEHRY

7 45
m 90
g 135

XEFHARTH

XEHRE

#p<0.05, *#p<0.01, ***p<0.001

B5 XRPaEELCRFCEITDEERELEED
BLEEIUVHEXE
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1 HRGERIALBIVAELEFRENEES LU R & OEREREK
. FEHRTEICETS IEHHEREICBTS
FSIZ&I+5CGY COVDHDE COVOIE AR b B R
A RERHR A A L -0.812 *** 0.384 * 0.206 0.740 ***
AREL A E -0.806 *** 0.691 *** 0.353 0.788""*
*p<0.05, **p<0.01, ***p<0.001
() i FICKE B 1% (pe0.05 5 p<0.01) . KR TH,

B6 1%, FEERTY:. %R X UEERICKIT 5 Ipy
BEXOInv ZRL7ELDTHD, Ipv X, KEHARTH:
TIXAOME, KHHPBRETIIEDMETH >, Ipv D
HaRME VX, ZEFIRTPETIXSS D F N CS LW b A EIC
KEDPoTZLDD (p<0.05). XFFHIHZER L OEEKT
E. ATy AR DETALNRD T, FT2, Inv
X, ZEeREZBL CTEMMETH -7z, Invid, X
BHREB L OSEKRICBWTSSDERCS L0 b

;57)
E Bss
E B CS
>
K=
SS
CS

Inv (Ns/kg)

XEHETE  XEMRY  XEReK

#p<0.05, *#¥p<0.01, ***p<0.001

X6 XEHRIE RFEBLULEICHITSCGVAR
(lpv) 8LV CGVDEEARMDHFE (nv)

ATy T K DET RGNS T,

F o, ZFHIRTEICRIT S Inv & ZRRARTE ISR T
% Ipv & ORICHERAOMBR (=-0.791. p<0.001).
SREH MO SE L OMICEEREDHENRA LI
(r=0.966. p<0.001),

Ta VX, JFIAEEHA B & IR AT D Inv &
OBz, B 7 1%, s A EE & SRR

3
~ 25 " 545
< 4590
z |, *S135
< o C45
£ 4G90

15 G135

40 60 120

H S [ (deg)
B7a HEEHEEEL CGVOEEHMEODNHE (Inv)

80

L DR
147
n=30
r=0.206
s 12 L] N.S. m S45
£ » 4590
> 10 N 00 * 5135
< " s . . 0 C45
L g ) o o e 2C90
= @ s 0 C135
o A A
6 /( I .
o .
0 100 200 300 400
75 R ELHRA RE (deg/s)

7b AREHERAEREL CGVNDEEABMMDEE A
(MFnv) & DBS&
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7% MFnv & OBFRERLTZDDTH D, Sfinf
JE L RHASRICR T S Inv & ORICHEE 2 IEOFB
DR HITED (1=0.764. p<0.001). JF7imHfHEE L
FEHEMICRIT 5 MEnv & ORICITE E 2 AR A
LI oI,

@) BINiRY FET IV

8 1. SS T 90 FEED SRR ZAT - ThED, XZ 35
K ONXY I 1T 2 ENLIR Y FE 7L & S TR
LebDThs, BISIRY A, SKRHIRPEICR W T
BN HNBEANEBAT L 20 BERE L, S eI
BWTHEDR BRIEA~ E BT L 2B SR L Tz,

9 (&, SS I LUV CS OIFHHIFIHICI T 2 WA
DAL & FS TR T 28EH M D CGV & DRz =
L7zebDTHD, SSBIUPCSDELLIZRBWTD,
FSIZRITDEREF MO CGV & XRHMFTEICRIT LW
EADOE L ORICEBERADHBENRA O I (=
0.681, p<0.01 5 r=-0.542, p<0.05),

101X, SS B L CS TR 5 L FHRTH IR I

B8 XYBLUXZFE@EI=BITAHEIEYFETIL
NEE

SS
-0.6 T n=15

A
r=-0542 ® 4
T p<0.05

HITBIREHFEDCGV (m/s)
S
2

L
14
o

FSI

-5 0 5 10 15 20 25
IHEHRTHSE T2 MIER DL AE (deg)

B9 XFERIHFIZEITSREADELLE FSITHET
SMEARDHZEELEE & DB

SS

2 T n=15
_ r=0.566
o0
< . S45
z - T
s S90
I S135
+
42; 1 -+ c45
1
e o £ €90
E @ "—'ﬁ% n=15 135
& 05 T 7 a r=0.849
™ /7 o — S8
, p<0.001
] —— CS
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Effects of insoles on improving standing postural stability

Ryoko YANO*, Tadao ISAKA**

Abstract

The purpose of this study was to clarify the effectiveness of insoles on improving body stabilization while
standing. Thirty three healthy subjects, 17 males (mean age 20.8 + 1.4 yrs) and 16 females (mean age 21.7 = 1.7
yrs) were participated voluntarily in this study. The planter pressure distribution and center of pressure (COP)
were measured. Then the insoles were assigned with the position of COP in foot. The postural sway during 30
seconds was measured with two force plates and tested on 4 conditions; 1) putting on nothing with eye opened, 2)
putting on insoles with eyes opened, 3) putting on nothing with eyes closed, 4) putting on insoles with eyes
closed. Parameters examined in this study were the environmental area, the rectangular area, the total shifting
length, the root mean of square area, the path length, and the area mean path length as calculated by a postural
sway-analyzing system. The averaged position of COP was in backward and leftward. The tendency that the
postural sway putting on insoles was lower than putting on nothing was seen. Especially under the condition of
the eye closed, the value on the insoles showed significantly lower than the value on nothing (p<0.05). According
to being intercepted the visual information by eyes closed, sensory input of the sole could be increased and
postural sway was decreased. These results suggest that the insoles decrease postural sway and an effect on the

stability while standing under the condition of the eye closed.
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x4 FEHRLBEOSMSTER GHAERE

source SS df NS F p

subject 7.8070174 32 0. 2439693
A:BRER - BABR 0. 7390236 1 0.7390236 10.006 0.0034 *+x
error [AS] 2. 3633968 32 0. 0738561
B:{uw-AzL - HY 0.3211011 1 0.3211011  4.978 0.0328 *
error [BS] 2.0641089 32 0. 0645034
Ck-& 1. 9804554 1 1.9804554 24.166 0.0000 sokix
error [CS] 2.6224721 32 0. 0819523
AB 0. 1657058 1 0.1657058 2.159 0.1515
error [ABS] 2.4557299 32 0.0767416
AC 0.0024139 1 0.0024139 0.058 0.8114
error [ACS] 1.3344604 32 0.0417019
BC 0. 0053541 1 0.0053541 0.109 0.7432
error [BCS] 1. 5682488 32 0. 0490078
ABC 0. 0058120 1 0.0058120 0.300 0.5879
error [ABCS] 0.6207003 32 0. 0193969

Total 24. 0560005 263

* p<. 05, #x pl 01, sk p<, 005, serkx p<. 001

x5 FMEHLHEO/MSWER ERER

source SS df MS F p

subject 82. 3463952 32 2.5733248

A:BAER - PRER 8. 8602851 1 8.8602851 12.368 0.0013 #%*
error [AS] 22.9245903 32 0.7163934

B: {v-MiglL - HY 0. 7733922 1 0.7733922 1.018 0.3206
error [BS] 24, 3198398 32 0. 7599950

Cx-6H 11. 1850655 1 11.1850655 9.776 0.0037
error [CS] 36.6133790 32 1. 1441681

AB 1.5590714 1 1.5590714 2.906 0.0979
error [ABS] 17. 1669971 32 0. 5364687

AC 0.0001494 1 0.0001494 0.001 0.9803
error [AGS] 7.7334432 32 0. 2416701

BC 0. 2844418 1 0.2844418 0.956 0.3354
error [BCS] 9.5162289 32 0.2973822

ABC 0. 0677505 1 0.0677505 0.330 0.5695
error [ABCS] 6.5651366 32 0. 2051605

Total 229.9161661 263

* pl. 05, *x pl 01, *#x p 005, ##xx p< 001



®6 FEHLBEOIMSIER EMEEE)

source SS df MS F p

sub ject 82. 8300502 32 2. 5884391

A:BAER - BABR 5. 1394593 1 5.1394593 3.618 0.0662
error [AS] 45. 4529963 32 1. 4204061

B: {w-MglL - HY 0. 8416695 1 0.8416695 0.853 0.3626
error[BS] 31.5689218 32 0. 9865288

CkE-&B 0. 1683670 1 0.1683670 0.154 0.6971
error [CS] 34. 9235041 32 1. 0913595

AB 0. 3873355 1 0.3873355 0.621 0.4363
error [ABS] 19. 9440374 32 0.6232512

AC 0. 1507038 1 0.1507038 0.392 0.5356
error [ACS] 12.2985468 32 0. 3843296

BC 1. 3603229 1 1.3603229 5.296 0.0280 *
error [BCS] 8.2200814 32 0. 2568775

ABC 0. 2389459 1 0.2389459 0.900 0.3498
error [ABCS] 8.4938985 32 0. 2654343

Total 252.0188402 263

* pl 05, # pl 01, #*x p, 005, sk p{, 001

FlEE (R—2Es e, BIER) OEER71.1%,
R EROFIEGD204% Lo TN Z &G, AR
SEDWIRF Th D —MRRFEVLGREFE R (F—L
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DONRE— FDbEVWEIGICRD EE2BND, K2
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®K7 FEHRLBEOSMSTER RHNHR)

source SS df MS F p
subject 9391. 2277972 32 293. 4758687
A:BABR - FABR 4004. 6581291 1 4004. 6581291 73.496 0.0000 sk
error [AS] 1743. 6112645 32 54. 4878520
B: {v-MilL - HY 121. 8275469 1 121. 8275469 2.657 0.1129
error [BS] 1467. 0870315 32 45. 8464697
Cx-%8 7672. 4949724 1 7672. 4949724 39.580 0. 0000 sk
error [CS] 6203. 0841068 32 193. 8463783
AB 232.9113934 1 232.9113934 6.141 0.0187 *
error [ABS] 1213. 6948651 32 37. 9279645
AC 15. 5282315 1 15.5282315 0.512 0.4793
error [ACS] 969. 6165410 32 30. 3005169
BC 93. 1396541 1 93.1396541  3.456 0.0723
error [BCS] 862. 5282253 32 26. 9540070
ABC 3. 4688927 1 3.4688927 0.245 0.6238
error [ABCS] 452. 4775341 32 14. 1399229
Total 34447.3561856 263

* p<. 05, % pl 01, %#x p{, 005, *ex pd, 001

[(XERAOBESENR]

effect SS df MS F p
A( b1 ) 3084. 5645007 1 3084. 5645007 66. 754 0.0000 skxx
A( b2 ) 1153. 0050218 1 1153.0050218 24.953 0.0000 stk
error 64 46. 2079083
B( al ) 8. 9205945 1 8.9205945 0.213 0.6460
B( a2 ) 345. 8183458 1 345.8183458  8.256 0.0055 **
error 64 41.8872171

* p<. 05, »=*x pl 01,

NOEEREBESTZ L 2T TRY., HERERA
TIOERKPHEP LR LRRISED Z L 2R LT
V5 16)
SEOERTIE, PR A Y=Y OFMD
RSt 2 A B ERIZMER RGN ole, T
D EIFBIRSEMFICL T BEREAT (BREAT)) %l
RLICHFTOIRA Y —VOFGRBPELNTZ & &R
L7z, M OIRL 721, AR —YIHFEICB N T,
AV = NVEBEDOHREPHEONDDE S PITRATH

sk pd. 005, #wkx pl. 001

5. LU n, FRHTEEOBEREAT BSFH 6
DREBIZH->TH, ZAFR—, EEGE T, REAT)
ZLEHELIAMTER L TR L TW 2546, KB
i, |MELBO AT (MRS, ®iER) Z X
DEZLSHFMT2ENETE D, £z, @Eln/e L THRE
RERADPRATHERES, BRI OERAIICE S
EZZ T 2RSS Y. ZOREITE, BIRL T
WHEE TH A Y — VIS PLEEHERF IR & FE 4
TORREMERD D LIEREL TWD,



®8 FMEHLBEOIMSITER (BAHHR)

source SS df MS F p
subject 10. 4346262 32 0. 3260821
A:FAER - BAER 4. 4494146 1 4.4494146 73.489 0.0000 stk
error [AS] 1. 9374436 32 0. 0605451
B: {vy-MzlL - HY 0. 1353429 1 0.1353429 2.657 0.1129
error [BS] 1. 6301209 32 0.0509413
Cx-f 8. 5253631 1 8.5253631 39.582 0.0000 sk
error [CS] 6. 8923293 32 0.2153853
AB 0. 2588073 1 0.2588073 6.141 0.0187 *
error [ABS] 1. 3485738 32 0. 0421429
AC 0.0172514 1 0.0172514 0.512 0.4793
error [ACS] 1.0773822 32 0. 0336682
BC 0. 1034867 1 0.1034867 3.456 0.0723
error [BCS] 0. 9583029 32 0.0299470
ABC 0. 0038617 1 0.0038617 0.246 0.6235
error [ABCS] 0. 5027944 32 0.0157123
Total 38.2751010 263
* p{ 05, #k pl 01, skx pl 005, #xkx p< 001
[(XEFROBEHENE]
effect SS df MS F p
A( bl ) 3. 4272098 1 3.4272098 66.750 0.0000 #kkk
A(b2) 1.2810122 1 1.2810122 24.950 0.0000 sk
error 64 0.0513440
B( al ) 0. 0099181 1 0.0099181 0.213 0.6459
B( a2 ) 0. 3842321 1 0.3842321 8.256 0.0055 **
error 64 0. 0465421

* pl, 05, #x p{ 01, sk p{ 005, ##xx p<, 001
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®9 FEHLBEOSMASTER (BUEENNR)

source $S df MS F p

subject 7.8070174 32 0. 2439693
A:BAER - FAER 0. 7390236 1 0.7390236 10.006 0.0034 *#*
error [AS] 2. 3633968 32 0. 0738561
B:{v-MzL - HY 0.3211011 1 0.3211011  4.978 0.0328 *
error [BS] 2.0641089 32 0. 0645034
CxE-8B 1. 9804554 1 1.9804554 24.166 0.0000 sk
error [CS] 2. 6224721 32 0. 0819523
AB 0. 1657058 1 0.1657058 2.159 0.1515
error [ABS] 2.4557299 32 0.0767416
AC 0.0024139 1 0.0024139 0.058 0.8114
error [ACS] 1.3344604 32 0.0417019
BC 0. 0053541 1 0.0053541 0.109 0.7432
error [BCS] 1. 5682488 32 0. 0490078
ABC 0.0058120 1 0.0058120 0.300 0.5879
error [ABCS] 0.6207003 32 0. 0193969

Total 24. 0560005 263

* p<. 05, #x pl 01, sk p<, 005, serkx p<. 001
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Influence of the Sequence of Training on Strength
and Endurance Development in Women.

Hideki MORII

Abstract

The purpose of this study was to examine the influence of the combined endurance and strength training (EST)
following the strength or endurance training on maximum strength and aerobic power development in women. Ten
women were divided into two groups: the 12wk of EST after 12wk of endurance training alone (ES, n=5) or the
12wk of EST after 12wk of strength training alone (SE, n=5). Assessment of body composition, one-repetition
maximum (IRM) of bench press and squat, and maximal oxygen uptake (VO:max) were determined before
training, and after 12wk and 24wk of training. Body weight and percent body fat were significantly decreased in
the ES and SE groups after 24wk of training. After 24wk of training, VO:max significantly improved, but did not
significantly differ between ES and SE group. Maximum strength (IRM of bench press and squat) increased
similarly in both group, while 1RM of squat in ES group was significantly lower than that in SE group. These
data indicate that EST after endurance training in women does not interfere with VO:max and upper body strength

development, but may attenuate a development of lower body strength.

Key words : combined endurance and strength training, one-repetition maximum, maximal oxygen uptake
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HETLAEMEN DD 19, SHIiT, AEEEENL—=
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I. 75 &

1. WRE

FEERICEBIN L 2 i, e R4 10 4
(FEH 19.8+1.3 7%, KE 56.6+5.6kg) Th -7z, K4
Fi3L < &b 6 r AHEMRET 2 F i L TvR

Vo FEBRITHESL » THIRE 2 BICERNE L ZOFE,

VA7 LRREVAL, BRHELTETHLI L Z
S ¥/ LT, LEICLDZERSMORE &,

2. FRTHA v

WIRE ZEREIC2 DO T N—TITEY 5. =z
N24BEO L —=0 T E2E L Te. 1 DD T N—T
(SE #% : strength training immediately followed by
endurance training, n=5) (X, 24 A DO N L—=2 7 Hf
fd, i) b L—=v 7 2E L., %4 12 BRI

FL—=V TR TRICABREE N L —=2 7 21T o T,

b9 —FD 7 NV—7 (ESH  endurance training
immediately followed by strength training, n=5) (X, 24
AMO b == 78S, FBEE N —=0 %
TV 2P 12 BRITAEHRME L —= 7RI b
L—=V 7 %EL7., (Figure 1),
mhhL—=r7icik, 7)==z hBLXOY =T
AMREy I~ —v B, 6 EBEOZ 7 44
R (RVFTVLA, RFGVULVAI Ty b, Ly Tzl
AFvvay, Ly Zh—), Nty TRH—),
77 vF) ZE3IA, BATERLZ, a7 744
A XD AZDWTIE, 10RM  (repetition maximum) T
3ty RERL, 770F GORM3 v M) &<,
W 7 YA IOV TIX 12RM T2 & v b Ef
L7z,

SE | Strength training |
(n=5)
\
-
ES
(n=5)
| Strength training |

L I ]
0 12 24

(weeks)

Fig.1 Training program design.

SE.the 12wk of combined endurance and strength training
(EST)after 12wk of strength training alone; ES,the 12wk of
EST after 12wk of endurance training alone.
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Table1. Change in physical characteristics.

PRE 12 weeks 24 weeks
Body weight (kg) SE 55.0 = 5.3 55.5 + 5.3 53.6 + 5.5%
ES 58.1 + 4.1 56.0 + 4.0 55.8 + 4.4%
Body fat (%) SE 30.7 + 4.3 30.4 + 3.7 26.1 = 4.1%
ES 28.5 + 3.6 25.3 + 3.3% 25.6 + 2.7%
Lean body mass (kg)  SE 38.0 = 2.7 384 = 2.3 395 £ 24
ES 41.4 = 2.7 409 + 2.6 414 = 2.6

Values are means =+ SD. ¥p<0.05 vs. pretraining(PRE), ’p<0.05 vs. 12 weeks. SE, the 12wk of
combined endurance and strength training (EST) after 12wk of strength training alone; ES, the
12wk of EST after 12wk of endurance training alone.
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Fig.2 Change in maximal oxygen uptake
(milliliter per kilogram of body weight per
minute).

Values are means = SD. *p<0.05 **p<0.01. PRE,

pretraining; SE,the 12wk of combined endurance and

strength training (EST) after 12wk of strength training alone;

ES,the 12wk of EST after 12wk of endurance training alone.

50
I
40
30 |
2
20 |
J
10k -~ —o— SE
—@— ES
0 1 1 1
PRE 12 weeks 24 weeks

(Training duration)

Fig.3 Change in one-repetition maximum (1RM)
bench press strength.

Values are means = SD. #p<0.05 **p<0.01. PRE,

pretraining; SE,the 12wk of combined endurance and

strength training (EST) after 12wk of strength training alone;

ES,the 12wk of EST after 12wk of endurance training alone.
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Fig.4 Change in one-repetition maximum (1RM)

squat strength.
Values are means = SD. #p<0.05 **p<0.01. PRE,
pretraining; SE,the 12wk of combined endurance and
strength training (EST) after 12wk of strength training alone;
ES,the 12wk of EST after 12wk of endurance training alone.
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